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.AlthouSh there arc many topics which ohould bc mentioned while 

considering meteorological aspects of air cleaning, this opportunity is 

is boing used to review the cffccts of vertical tcmpcrature gradient on 

stack gas behavior and to show some photogrnphs from the National Reactor 

Testing Station illustrating typical conditions. 

. The appearance of stack effluent plumes is regulated largely by the 

configuration of the vertical gradient of air density, or temperature. 

With respect to a high stack on nearby level terrain there are five 

different configurations of the vertical. temperature gradient that occur, 

-and these usually have a diurnal cycle. 
.' 

These configurations, along with the expected behavior of an effluent 

plu;nc, Is shOV?I schematically in'Figure 1. 

Looping - occurs with a supcradiabatic (very unstable) temperature lapse 

rate. The stack effluent, if visible, appears to loop because 

of relatively large thermal eddies in the Gind flow. Diffusion 

is rapid, but sporadic puffs having strong concentrations are 

occasionally brought to the ground near the base of the stack. 

. Looping is favored by fair weather with r.elativcly light winds. 

. . 
- occurs with a gradient lying between dry adiabatic and 

isotheml. The effluent stream is shaped like a cone with 

axis horizont?A. The distance from the stack that effluent first 

comes to the ground is grcatcr than tith looping. Kech,anic,al - 

mixir;~ predominates. Although this condition is ideal for 
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c,alculating ground conccntrntions by moans of diffusion . 

equations, it does not often persist cxccpt during cloudy, 

windy wcathcr. During fair wcathcr, it is transitional and is 

most likely to occur only for a brief interval about sunset as 

the strong daytime lapse condition is converted to an inversion. 

occurs with temperature inversion conditions. Such lamitiar flow 

may also occur in a.layer of air that is isothcmlal, depending 

on wind speed and roughness of terrain. The. stack effluent 

diffuses practically not at all'in the vertical, and the effluent 

trail may resemble a meandering river, widening very gradually 

with distance f&n the stack. Depending on the duration of the 

stable period and the wind speed at stack level, the effluent 

may travel for many miles vrith little dilution. With level 

terrain ground concentrations of effluent 'do not occur; however, 

isolated objects which 'extend up 5.nt.o the ~~I.JXE, or hillsides 

.which are encountered, can receive large concentrations even 

though miles away from the stack. . 
. 

Lofting - is usually associated with the transition from lapse to jnvcrsion, 
. -. 

but may persist at times for one to several hours. Occasionally 

. 

. . 

the inversion does not build up to stack l&e1 during an entire 

night due to intcrferencc of winds anti/or cloudiness. The zone 
I 

of stronger effluent concentration, as shown by shadin;, will 

depend on the height of the inversion. It is caused by trkpping 

by the inversion of effluent carried into the stable layer bjr - 

turbulent eddies that penetrate the layer for a short distance. 
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Except \,%cn the top pf the inversion is very near the ground, 

this type may bc considcrzd as thc,most favor'able diffusion 

situation to kc cnc3untcrcd. The invr:don prevents cfflucnt 

from reaching the ground; and at the same tirx the effluent'may 

. be rapidly diluted 31 the lapse 1,ayer above the inversion. 

Fumigating - occurs at the ti;ne that the nocturnal invexion,is being 

I dissipateil by heat from the morning sun. The lalxe layer begins 

. at the ground and works its ilay upliard, rapidly'in suxner, but 

slowly in xi nter. nt sane time the inversion is just above the 

tpp of the stack, :and acting as a lid, forces the effluent stream 

to dilute within the shallox lapse layer near'the ground. iarce 
., 

concentrations are brought to the ground along the entire effluent 

strewn by thel;nal cddics in the lapse layer. Sustnined conccntra- 

tions near the ground will be higher with this situstior, than 
, 

with any other. 

Smoke experixnts were performed by the W&her Gureay usin the 

.250-foot Chctical Plant staclc to detcr;l.dnc the validity of \the associations 

' of plume behavior 16th the temperature gradient configurations just SllOwl. 

Pictures of smoke behavior during so1r.e of those eqxrimcnts are s!loT,rn on 

the slides to follow. . 

Figure2 - Looping concutlon. 0942 ET, April 9, 1952. _ 

Tompratuzo l&2oa r&o was moro than tbroo times the dry . 

adiabatic rato (which is 0.~4GF./100 ft.) in tho lower 

250 foot. 
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Fi@~o 3 - Coning conditiono. 1910 KT, /.pril 16, 19'~. 
. 

Lap00 rnto in loyr 250 feat vao ollghtly leoo than the 

dry adiabatic rate. 

. 

Figuro4 - Fanning condition. 0722 MST, April 11, 1952. 

- Pronouncod tompornturo inveroion from tho ourface.to 

somewhere above 500 feet. 

m Figure 5 - Lofting condition. 1945 XST, April 16, 1952. 

Inversion, surface to 200 foot, with lapse above 200 feet, 

Figure 6~ - Fumigating condition, 0746 MT, April 11, 1952. 

. Lap60 layer has worked up just to the '250-foot level. Note 

that ohdies in the lap@ layer have begm to penetrato the 

. 

smoke-bearing layer, QB evidenced by strewnera extending 

downward from the cow&rated plume. 

Figure 6B - Fumigation (continued). 0748 NST. The &rot 

*streamer reached the ground about 10 stack lengths from 

the hack about 

Inversiqn baaed 

.-. 

ttro tinutes after streamers b'cgan to decend. 

&bout 300 feot. . 

Figure 6C - Fumigation (continued). 0802 MT. By thi8 
. 

time strong smoke concentration8 appeared 0; the ground 
. 

along almost the entim vioible length of the plume. KOiXl 

that 'TAti concoutrated smoke .l&yer aloft that was vioible 

in Figwoo 4, 6A and 6B io no lonO,or vioiblo. The entire ' 

plaza aypaaro to have been mixed downward. Inveroion 

bosod aiiout 380 foot. 
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It WIG montionod oar:ior that thu typo of tomporatul-a gradient uou,dJy 

bavo a diuxnnl cycle. Thio io llluotratod by f&uro 7 which givoo ploto of 

tomporcrturo sounding0 on a clenr day. Noto that tho *iEating condition 

(for Q 2>0-foot stack) wao proaont at 0900 EST. By 1100 EST the invcroion 

had dimi.pted, and 1oopFng~ondItiono prevailed until tho invereion bo&n 
. 

to form in tho evening. Lofting conditions wxo premnt at 1830 and 2000 

Y&T, and fanniug conditiono,at 0200 through 0700 ET th? following morning. 
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(A) STRONG LAPS; CONDITION (LOOPING) 

(B) WEAK LAPSE CONDll-ION (CONING) 

(C) IFJVERSION CONDITION (FANNING) 
~‘SOQ FT. .’ 

w---c, 

. 

(E) LAPSE BELOW, INVERSION ALOFT (FUMIGATING) 

. 

. 

I 

. DASH LINE ~EPI~ESENT~ DRY ADIACATIC RATE: 

Fig. l--Schamtic roprooontation of stack eaa bohnvior under varlouo conditiono 
of' vertical otnbillty. 
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